INTRODUCTION
Activation of lymphocytes by antigen or mitogen induces activation of genes involved in the control of cell-growth and differentiation (1, 2, 3) .
In an attempt to identify such genes we obtained from the mRNA of mitogen-activaled mouse B-lymphocytes by subtractive screening cDNA-clones representing the ribosomal protein L7. The human L7 mRNA then was cloned from activated Tlymphocytes. cDNA clones encoding L7 have previously been isolated from regenerating liver of rats (4) and mice (5) . A human L7 cDNA sequence is present in the Genbank (entry HSRPL7). Proteins homologous to L7 have been identified in yeast (6; 7) and dictyostelium (8) but there is apparently no bacterial homologue (4, 7, 9) . No specific function in the translation apparatus has been demonstrated as yet for L7. In autoimmune arthritis diseases L7 is recognized as an autoantigen (10, and A.v Mikecz et al., in preparation).
Our attention was attracted to human and rodent L7 proteins when we found that their mRNA is induced upon activation of lymphocytes and when we realized that they carry a structural motif similar to the basic-region-leucine-zipper (BZlP)-motif (11) of many mammalian, fungal and plant transcription activation factors. The BZIP-motif comprises two clusters of basic amino acids separated by an aliphatic spacer. Adjacent to the basic region follows a repetitive leucine heptad with the potential to assume the conformation of an a-helix. The 'zipper' promotes dimerization of BZIP-regions by coiled-coil formation, and the basic regions of a BZTP-dimer are capable of interacting with DNA at specific recognition sites (reviewed in 12). To our best knowledge no involvement of BZIP-carrying proteins in the translation apparatus has been reported as yet, albeit leucine-rich hydrophobic repeats occur in yeast ribosomal proteins L44 and L45 (13) .
MATERIALS AND METHODS

Animals
C57BL/6 and C57BL/6xBALB/c F ; mice of both sexes came from the breeding colony at the Institute for Genetics, Cologne.
Cells from mice and humans
Murine B-lymphocytes were enriched from spleen cells by panning in anti-IgM coated culture flasks. Adherent cells were collected, washed and cultured in RPMI 1640 medium, supplemented with 10% fetal calf serum, 5xlO~5 M mercaptoethanol and antibiotics in the presence of LPS (40 /ig/ml, Sigma, or 1 /ig/ml, gift of C.Galanos) as described (14) .
Human mononuclear cells from peripheral blood (PBMC) were enriched on a Ficoll-Hyapaque density gradient (15) . Human Tlymphocytes from peripheral blood were enriched from PBMC by passage through nylon-wool columns (15) . For TPAstimulation, human T-lymphocytes were cultured at a density of 10 6 cells/ml in RPMI 1640 medium, supplemented with 5% fetal calf serum and antibiotics, in the presence of 5 ng/ml 12-0-Tetradecanoylphorbol 13-acetate (TPA, Sigma).
RNA preparation
Lymphocytes were depleted from erythrocytes and dead cells by a Ficoll/Hyapaque density gradient centrifugation. Living cells were washed twice in ice-cold PBS and cytoplasmic RNA was isolated according to standard methods (16) .
RNA gel electrophoresis and Northern hybridisation analysis
Total cellular RNA from 3-5X10 6 cells was separated by electrophoresis in agarose gels, transfered to nylon membranes and hybridised to ^P-labeled DNA-probes according to standard protocols (16) . Hybridised filters were exposed to Kodak Xomat films at -70°C.
DNA probes
The 6.6 kb EcoRI fragment carrying the sequence of murine 28S rRNA is a gift of Dr. I.Grummt, Heidelberg. All mammalian 28S rRNAs are detected by this probe. L7-specific probes were used as described in the text.
Densitometry
RNAs on Northern blot filters were quantified by densitometric scanning of autoradiographs as described previously (14) . The signal intensities of mRNAs were normalized to the intensity of the 28S rRNA signal. Relative amounts of mRNA are given as the mRNA/rRNA signal intensity ratio.
cDNA-cloning and substractive library screening
Total RNA was isolated from mouse lymphocytes which had been cultured with LPS for 3 days. Poly A + RNA was enriched in three sequential adsorption steps on oligodT cellulose. A cDNA library in XgtlO was prepared as described (17) .
In order to enrich cDNA molecules representing LPS-induced mRNAs which are absent from plasma cells we hybridised a 32 P-labeled cDNA preparation made from the poly A + RNA of day 3 LPS-blasts to an excess of poly A + RNA obtained from hybridoma PC140.4.1.1.C11 until a r o t value of -2000 was achieved (18) . Hybridoma PC140.4.1.1.C11 (19) is the fusion product of a PC 140 myeloma cell (20) and a C57BL/6-derived plasma-cell. It secretes IgM.K and IgG3,K antibodies. Hydroxyapatite chromatography was employed to separate single-stranded cDNA molecules from the fraction of cDNA-RNA duplexes which finally contained 99.5% of the cDNA. The single-stranded cDNA was hybridised to the cDNA-library and the structurally related clones musL7-l and CLS1 were isolated. Using musL7-l as a probe we isolated clone musL7-2 from the same LPS-blast cDNA library, and related human cDNA-clones (humL7-l, -14) from libraries which were constructed with mRNA of the human lymphoma Jurkat in XgtlO (21), or with RNA from the IL2-stimulated human T-cell clone GWK1 (G.Wolff-Vorbeck, in preparation) in X ZAP. The latter library was constructed using die Stratagene cDNA cloning kit. Inserts from lambda clones were analysed as subclones in plasmid vectors pGEM4, pT7T318U, or BluescriptHSK.
DNA analysis
DNA-sequencing was performed using the sequenase modification of the didesoxy chain-termination method (22) . Oligonucleotides complementary to selected L7-sequences were used for priming. Sequence alignments and computer searches for sequence similarity were performed utilizing the software developed by the University of Wisconsin Genetics Computing Group (23) . Sequences are available from the EMBL databank (ace. no. X57958-57961, X56745).
In vitro translation
Capped mRNAs were synthesized in a T3 RNA polymerase transcription system on plasmid humL7-14, and then were used to program translation in a reticulocyte lysate containing 35 SMethionine.
L7-fiision proteins
Functional analyses were performed with the human L7 protein and with rat L7 protein as a representative of L7 from rodents. In order to generate a fusion protein comprising glutathione-Stransferase from Schistosama japonicum (GST) and the complete human L7-protein we cloned humL7-14 cDNA without its polyAtail in frame as a BamHl-EcoRI fragment into expression vector pGEXl. The segment of plasmid pL7-2 (4) encoding the Nterminal region of rat protein L7 (pos. 1-110, fig. 3 ) was amplified employing the polymerase chain reaction with appropriate primers. The resulting fragment was cloned in frame into expression plasmid pGEX3.1. Fusion proteins with GST were expressed in E.coli BL21 or BMH 7180 (24) and purified from bacterial lysates by affinity chromatography on glutathione agarose columns (25) .
Dimerization studies
GST-L7 fusion protein dimers were denatured for 5 min at 80°C in 1% SDS and 12.5 mM dithiothreitol or 10% 2-mercaptoethanol, and analyzed by SDS-polyacrylamide gel-electrophoresis (SDS-PAGE). In vitro translated 33 S-labeled L7 proteins were cross-linked by adding ethyleneglycol-bis-succinimidylsuccinate (EGS) (26) to the 1 : 5 diluted reticulocyte lysate which had been dialyzed against PBS. Cross-linking was performed in 1 mM and 5 mM EGS for 0-30 min at 4°C in a volume of 20 /A, and stopped by the addition of lysine to a final concentration of 100 mM. After denaturation as described above proteins were analysed on reducing SDS-PAGE gels in a Phast-System (Pharmacia). Gels were then soaked in Amplify (Amersham), dried and exposed to X-ray films.
Ligand-blotting
Denatured proteins were transfered from SDS-PAGE-gels to nitrocellulose membranes in 25 mM TRIS-base, 192 mM glycine and 20% methanol using a semi-dry transfer system (BIORAD) at 3 mA/cm 2 . Membranes were blocked for 12 -16 hrs with 5% bovine serumalbumin (BSA) in 50 mM TRIS, 200 mM NaCl, pH 8.0 (TBS), and incubated with biotinylated (15) GSTratL7-BZIP fusion protein (1 nM in 1% BSA) for another 16 hrs at room temperature. After extensive washing in TBS, 0.05 % Tween20, the membranes were conventionally developed with streptavidine-coupled alkaline phosphatase and nitro-bluetetrazolium.
DNA/RNA binding analyses DNA-binding of L7 was studied by incubating protein electroblots widi radiolabeled DNA (27) and by gel retardation assays (28) . Nitrocellulose filters carrying GST-L7 fusion proteins and GST as a control were prepared by electrophoretic transfer of purified recombinant proteins resolved by SDS-PAGE on 12.5% gels. Filters were incubated at room temperature in DNA-binding buffer (10 mM TRIS/HC1, pH 7.0, 50 mM NaCl, 1 mM EDTA, 0,2% bovine serumalbumin, Ficoll 400, polyvinylpyrrolidone 150) and then for an additional hour in binding buffer containig 50 ng/ml ^P-radiolabeled random cDNA. The latter was generated by PCR-amplification of a cDNA-library in X ZAPII (see above), with 32 P-dCTP in the dNTP-mix and using the T3-primer in combination with the universal M13-primer. Finally, filters were washed three times and subjected to autoradiography.
As a ligand for L7-mediated gel retardation of DNA we amplified the polylinker region of plasmid Bluescriptll employing PCR with the T3-primer and the universal M13-primer in the presence of ^P-dCTP. 20 ng of labeled DNA were incubated with 0-5 /ig L7-fusion proteins or GST in 50 /tl binding buffer (100 mM TRIS/HC1, pH 7.0, 10 mM dithiothreitol, 10 mM EDTA, 50 mM NaCl). After 30 min at room temperature, samples were electrophoresed through a 4% native polyacrylamide gel in 0,5 XTBE, and the position of DNA was visualized by autoradiography.
RNA-binding of L7 was analysed by gel retardation and filter binding. Radiolabeled capped mRNA was transcribed from the PCR-amplified multiple cloning site segment of plasmid Bluescriptll for the gel retardation analysis. As a radiolabeled ligand in the filter binding analysis we used capped mRNA synthesized on plasmid humL7-14 in a T7 RNA-polymerase transcription system. Gel retardation was performed as described above. In the filter binding analysis to measure the dependence of RNA-binding on salt concentration and pH, 2 /xg of GSTRatL7BZIP fusion protein or GST and 150 ng radiolabeled mRNA were incubated for 20 min at room temperature in 100 /tl binding buffer (100 mM TRIS/HC1, pH 7.0, 10 mM dithiothreitol, 10 mM EDTA and increasing concentrations of NaCl, namely 50, 100, 200, 225, 250, 275, 300, 500 mM, or, 100 mM TRIS/HC1, pH 4.0, 4.5, 5.0, 6.0, 7.0, 7.5, 8.5, 10 mM dithiothreitol, 10 mM EDTA, 100 mM NaCl). The different samples were slowly sucked by means of a slot-blot device onto a nitrocellulose filter. Each slot had been equilibrated with the corresponding binding buffer. Slots then were washed with 2-4ml of the corresponding binding buffer and filter-bound radioactivity was quantified by means of a Phosphorlmager.
Binding competition 90% binding of radiolabeled L7mRNA to GST-ratL7-BZIP fusion protein was inhibited by adding increasing amounts of cold competitor nucleic acids to the binding reaction in 100 mM TRIS/HC1, pH 7, 10 mM dithiothreitol, 10 mM EDTA, 100 mM NaCl. As competitors we used capped synthetic mRNA transcribed from the inserts of our above mentioned cDNAlibrary in 1ZAPII, double-stranded cDNA amplified from this library (see above), gel-purified human 28 S and 18 S rRNA from lymphocyte polyA~RNA, yeast tRNA, and synthetic polyA (Boehringer, Mannheim). The binding analysis was performed and monitored as described above.
RESULTS
L7-related cDNA clones
To identify in a cDNA library made from mRNA of LPSactivated B-lymphocytes the clones representing mRNAs induced by LPS, we used as a probe single-stranded cDNA from which molecules complementary to mRNAs existing in non-activated B-cells as well as in plasma cells had been subtracted. Among the isolated clones cDNA clones musL7-l and -2 showed strong homology to the nucleotide sequences encoding ribosomal protein L7 of rat and mouse (4; 5). Utilizing cDNA musL7-l as a probe we then isolated clones humL7-l and humL7-14 from cDNA-libraries representing the mRNAs of two activated human T-lymphocyte lines. A nucleotide sequence comparison of L7-related cDNA-clones from human, rat and mouse is shown in Fig. la. cDNA clones musL7-l, -2 are truncated at the 5' end of the protein coding region. This was caused by internal EcoRI cleavage during library preparation. Both clones differ at the C-terminus (RMN vs. QMN, see Fig. 3a ) and in the 3' UT sequence from the mouse L7 sequence musL7x (5). HumL7-14 seems to represent a functional mRNA and is identical to sequence HSRPL7 in the Genbank, whereas humL7-l apparently is untranslatable because it does not have an in frame start codon. Upon comparison to humL7-14, rat and mouse L7 show insertions of 12 codons or, respectively, 10 codons at the 5' end.
Clones musL7-l and -2 have 3' untranslated regions which show similarity to the transcripts Clsl (O.S., diploma thesis, Univ. Cologne, 1989) and MMKG4 (29) of which no functions are known as yet (Fig. lb,c) . The polyT or, respectively, polyA sequences within the 3' UT region of musL7-l and musL7-2 indicate that a processed mRNA integrated by retrotransposition into the L7-locus of the mouse.
The heterogeneity of murine and human L7 cDNAs indicates the presence of several L7 genes in the mammalian genome. Indeed, Southern hybridisation of mouse liver DNA and human placenta DNA utilizing a L7-probe show 5-8 bands which differ in signal intensity (not shown). This is in line with a previous analysis of mouse L7-genes (30).
Induction of L7-related mRNAs in small resting lymphocytes
The kinetics of L7mRNA induction in LPS-stimulated mouse spleen B-lymphocytes is shown in Fig. 2a . Levels of L7mRNA in a Northern blot lane are measured relative to the amount of 28S rRNA as the L7/rRNA hybridisation signal intensity ratio. The elevation of the L7mRNA/rRNA ratio in growth-stimulated lymphocytes is clearly the result of an mRNA increase and not due to the decrease of rRNA. In fact, an increase of rRNA indicating increased ribosome numbers is observed as already was reported by others (31) . Mouse spleen cells which have been enriched for surface IgM bearing cells, i.e. small resting Blymphocytes, do not express detectable amounts of L7mRNA until 12 hrs of cultivation in the presence of LPS. After 3-4 days the level of L7mRNA begins to decrease.
Control hybridisations routinely show that the immunoglobulin k-chain mRNA level begins to rise on day 2 when large B-cell blasts appear in the LPS-culture (not shown). The L7mRNA level in LPS-stimulated B-cells thus increases relative to rRNA but is apparently not correlated with blast formation. Mouse B-cell hybridoma PC140.4.1.1.C11 (19) of which we used the mRNA to 'subtract' cDNA derived from murine LPS-stimulated B-cells is negative in a Northern hybridisation analysis with a L7-probe (not shown).
L7mRNAs also can be induced by TPA in nylon wool purified human blood T-lymphocytes (Fig. 2b) 
Structure of L7-proteins
The amino acid sequences deduced from human, mouse and rat L7 cDNAs are compared to the related sequences from dictyostelium (8) and yeast (6) (Fig. 3a) . Sequence similarity between mammalian and fungal L7-proteins is unevenly distributed. The C-terminal region comprising residues 107-end is more conserved (72% similarity) than the N-terminal region (43% similarity). In all known L7-proteins, a region comprising seventy positions between conserved prolines (37-106, Fig. 3a ) seems to be capable of assuming 20 helical turns of an amphipathic a-helix. Oppositely charged amino acids occur in an arrangement three or four positions apart, thus stabilizing the a-helical conformation through intra-helical salt bridges. Structural predictions are supported by computer aided plots of hydropathy and a-helicity (not shown). The humL7 and rodentL7 proteins carry a motif similar to the basic region-leucine zipper (BZIP) motif of mammalian, fungal and plant transcription activation factors. A comparison of L7 to the prototypic BZIP-proteins cFOS, cJUN and CREBP1 is shown in Fig. 3b . The BZEP-like motif of human and rodentL? is part of the presumptive a-helical region at the N-terminus. In fact, the ahelix seems to start precisely at the 'spacer' region of the BZIPmotif. The right half of the basic region and the leucine repeat are in spatial register with the helical turns (Fig. 3a, b) . Although fungal L7-proteins share the presumptive a-helical conformation and clustered basic residues in the N-terminal region with their mammalian equivalents, they do not carry motifes with pronounced similarity to BZTP.
Many RNA-binding proteins carry sequence motifes, designated RNP1 and RNP2 (32) , in the region where they contact RNA (33) . L7 proteins express the RNP2 motif (boxed in Fig. 3a ) but do not have RNP1. Curiously, however, a nucleotide sequence encoding a motif very similar to RNP1 is present in L7 genes downstream from RNP2 but the motif is not in the L7 reading frame (Fig. 3c) .
Dimerization of L7-proteins
The heptad repeat of leucines on the surface of a BZIP-region a-helix is thought to promote the dimerization of BZIP-proteins through coiled-coil formation. Since human and rodent L7-proteins carry a BZTP-like structural motif, we analysed whether they are capable of dimerization. To this end we expressed human L7 mRNA by 'in vitro' translation in a reticulocyte lysate. In addition, the N-terminal region of rat L7 (pos. 1 -110, Fig. 3a ) was expressed in bacteria as a fusion protein with glutathione-S-transferase (GST-ratL7-BZTP). It comprises the potentially a-helical region of L7 and carries the BZIP-like motif but not RNP2.
Dimerization of human L7-proteins is demonstrated by crossUnking them with ethyleneglycol-bis-succinimidylsuccinate (EGS) in a reticulocyte lysate (Fig. 4a) . The concentration of L7-protein in the lysate is ~ 5 X 10~9 M whereas unrelated proteins are present at a concentration of 20 mg/ml. Molecules corresponding in size to L7-dimers (58 kD) are detected in dependence of reaction time and EGS-concentration, but there are no L7-multimers. Small amounts of denaturation-resistent L7 dimers are already detected at 0 min cross-Unking.
Dimerization of L7 is mediated by residues in the N-terminal region as demonstrated by the spontaneous dimerization of GSTratLJ-BZTP fusion proteins which had been left at a concentration of 5xl0~5 M in phosphate-buffered saline (Fig. 4b) . The dimers in Fig. 4b, lane 1 , are resistant to treatment with 1 % SDS and reducing agents for 5 min. at 80°C but disintegrate upon boiling (not shown). Multimers of the fusion protein are not detected. Nearly complete dimerization in this analysis as compared to Uttle dimerization in the previous one (Fig. 4a) may be attributed to a much higher concentration of reactants. GST as a control protein does not dimerize (Fig. 4b, lane 2) .
The interaction between L7 N-terminal regions is also demonstrated in a Ugand-blotting analysis (Fig. 4c). Fig. 4c , lane 2, shows 1 /ig GST-ratL7-BZTP fusion protein transferred from a SDS-gel to a nitrocellulose membrane. The 38 kD band corresponds to the complete fusion protein. Smaller bands of 36, 35, 32 kD represent truncated proteins which presumably resulted from premature stops of transcription or translation in the bacterial producers. Because of this the proteins should be truncated at the C-terminus, and also because affinity purification on glutathione-agarose selects for the presence of an intact Nterminal GST. The 38, 36 and 35 kD bands of the immobilized fusion protein but not the 32 kD band react with biotinylated GSTratL7-BZIP as a ligand (Fig. 4c, lane 4) . This suggests that a complete 'zipper'-like motif (which ends 39 residues away from the C-terminus of the fusion protein) is required for the interaction. The N-terminal regions of L7-molecules seem to interact with high affinity since immmobilized proteins are bound at a ligand-concentration of 10~9 M. As a control we show that 10 jig immobilized GST do not interact with biotinylated GSTratL7-BZTP (Fig. 4c, lanes 1,3) .
The N-terminal region of L7 can bind to DNA and RNA All known BZIP-region carrying proteins are transcription factors and recognize distinct DNA-sequence motifes. Human and rodent L7 proteins carry a BZIP-like motif but very likely are involved in translation rather than in transcription. In a first approach to characterize recognition of DNA, and also of RNA by L7-proteins we performed Southwestern binding-, gel retardation-,and filter-binding analyses either with a fusion protein containing the complete human L7-polypeptide (GST-humL7) or the GSTratL7-BZlr > fusion protein described above. DNA-binding to L7 proteins is presented in Fig. 5 . A Southwestern binding analysis (Fig. 5a) shows that the immobilized complete fusion proteins GST-humL7 (58 kD) and GST-ratL7-BZIP (38 kD) bind radiolabeled cDNA (compare lanes 2,3 with lanes 6,7), whereas gel-markers and immobilized GST do not bind (compare lanes 1,4 with lanes 5,8) . One should not draw from this finding the conclusion that protein L7 binds DNA as a monomer. Denatured monomeric L7 molecules may dimerize during the re-naturation step that preceeds electrotransfer to the nitroceUulose membrane. There may be dimers on the membrane at die position that corresponds to the gelposition of monomers. Most interestingly, all truncated fusion proteins cannot bind DNA (compare lanes 2,3 with lanes 6,7) . As their size is 33 kD and smaller they should not carry a complete BZIP-like motif. The presence of this motif thus seems to be associated with the DNA-binding capability of L7.
Binding of GST-ratL7-BZTP to DNA also is demonstrated in a gel-retardation analysis (Fig. 5b) . 2 /tg fusion protein are sufficient to form stable complexes with 20 ng radiolabeled cDNA (Fig. 5b, lanes 2,3) .
RNA-binding by the N-terminal region of L7 proteins is shown in Fig. 6 . 1 ng of GST-ratL7-BZIP fusion protein are sufficient to form stable complexes with 50 ng radiolabeld mRNA in a gelretardation analysis (Fig. 6a, lanes 2,3) . This amount of GST- rat-L7-BZIP then was used to analyse the dependence of RNAbinding on pH and salt concentration in a filter-binding analysis. Optimal mRNA-binding is observed at pH 7 ( Fig. 6b ) and 250 mM NaCl (Fig. 6c) . The same mRNA binding-optima are observed with the fusion protein carrying the complete human L7 polypeptide (not shown).
In summary, GST-fusion proteins with the complete human L7-polypeptide or me N-terminal fragment of rat L7 can bind DNA and RNA as demonstrated by various methods. Free GST never showed more than background binding in the corresponding control reactions (Fig. 5a, lane 8; Fig. 5b, lane 4; Fig. 6a, lane  4 , not shown in Fig. 6b,c) . It is thus the L7-part of the respective fusion proteins, and in particular its N-terminal region carrying the BZIP-like motif, which mediates DNA-and RNA-binding.
Binding specificity
In order to analyse the binding-specificity of L7 we inhibited the binding of radiolabeled L7mRNA to GST-ratL7-BZIP fusion protein with various nucleic acids. A typical competition analysis is shown in Fig. 7 . The best competitors for RNA-binding are the mixture of capped synthetic mRNAs, and 28 S rRNA. They inhibit binding about 3fold better than double-stranded cDNA and at least lOfold better than 18 S rRNA and tRNA. PolyA does not compete at all. Unfractionated rRNA (polyA~RNA) and L7mRNA show competition curve profiles (not shown) identical to the ones of 28 S rRNA and the mRNA mixture. There seems to be preferential binding of L7 to as yet undefined structures in mRNA and 28 S rRNA.
DISCUSSION
L7-genes and their expression
The genome of man and mouse contains 5-8 copies of L7-like genes. It has been shown, that some of the murine genes are nonfunctional (5; 30). As suggested by the polyA/T sequences in their 3' untranslated region transcripts musL7-l and -2 seem to stem from processed genes. Although sequences musL7-l and -2 do not show crippling mutations we cannot decide whether the corresponding transcripts are functional because they are represented by incomplete cDNAs. The human L7-gene family contains at least one apparently non-functional gene from which mRNA humL7-l is transcribed.
L7-mRNAs are induced in resting B-and T-lymphocytes by TPA or by mitogen which activate the metabolism of phosphatidylinositol, indicating an involvement of enzymes belonging to the PKC enzyme family. In the complex cascade of gene activation events initiated by a mitogen L7-mRNAs enter the stage several hours after the onset of the synthesis of new ribosomal RNA. TPA induces mRNA but not the synthesis of new rRNA. L7mRNA induction and rRNA synthesis are apparently not correlated here. This is unexpected of the mRNA of a ribosomal protein. mRNAs for ribosomal proteins LI 8, L32, S16, for instance, in resting and TPA-or hormone-stimulated cells behave differently in that the respective mRNA levels and rRNA levels remain correlated (34, and references therein).
Structure and function of L7 proteins
There are 5 tandem repeats of 12 amino acids at the N-terminus of rat L7 (4) . Mouse L7 shows 6 of these repeats and human L7-14 has 4 of them. At the 5' end of humL7-l mRNA a repeat of 48 bp is separated by 24 bp of unrelated sequence, altogether representing 2 blocks of 12 amino acids (Fig. la) . Such repeats are unlikely to encode functional domains in the L7-molecule, as has been suggested (4), because it is hard to conceive that human, rat and mouse L7-molecules should functionally differ from each other. Moreover, 5'-terminal repeats wim a 36 bpperiodicity are present in the non-translatable transcript humL7-l. The various forms of duplications at the 5' end of L7-genes presumably have been generated by unequal crossovers within the L7 multigene family and behaved neutrally in evolution.
The N-terminal region of L7 proteins (Fig. 3a , pos. 1-106) is less conserved than the C-tenninus (Fig. 3a, pos. 107-end) . However, all known L7 proteins apparently share the capability of forming an a-helix which progresses from proline 27 over about twenty helical turns to proline 106. This part of the molecule is hydrophilic as predicted in a hydropathy plot (not shown) and is solvent-exposed, as shown by Lin (35) .
Human and rodent L7 proteins carry in this region a BZIPlike sequence motif (10) . Leucines 2 and 5 in the 'zipper region' are substituted by lysine and histidine, respectively. However, an imperfect leucine repeat is not untypical of BZIP-proteins (36) (37) (38) (39) . At the position seven residues downstream of the last 'zipper'-leucine, that is in a-helical register with the leucine repeat, a conserved histidine is found in human and rodent L7-proteins (pos. 77) and in most members of the CREB, FOS and JUN BZIP-protein families. This residue has been shown to stabilize JUN-FOS heterodimers (40) .
The N-terminal region of mammalian L7-proteins is capable of forming highly stable homodimers. This could be mediated by the 'zipper'-like region through formation of a coiled-coil stabilized by the interaction between hydrophobic side-chains and by hydrogen bonds between the polar side chains of one a-helix and the peptide carbonyls of the opposite chain.The 'zipper'-like motif in L7 meets all structural requirements of the molecular model for 'zipper'-dimerization proposed by Tropsha et al. (41) . This may explain the high stability of L7 dimers.
Whilst the 'zipper' is believed to promote dimerization of BZIP-regions by forming a coiled-coil, positively charged residues oppose each other in the basic region and intertwined a-helices should be forced to bifurcate. The 'scissors-grip' model of eucaryotic transcriptional activation factors postulates a Yshaped BZIP-dimer whose arms contact DNA. In order to continue tracking in the major groove of DNA the hypothetical a-helix of the basic region must be broken at a point near the spacer. All BZIP-proteins reported so far have an invariant asparagine three positions left of the 'spacer' (see Fig. 3b ) thus terminating the continuity of hydrogen bonds necessary for an a-helix by 'N-capping' (42) . This asparagine is not found in human and rodent L7, but the a-helical structure of the basic motif should be terminated by two prolines flanking the 'spacer'.
We demonstrate in this study stable binding of the N-terminal region of rat L7-proteins to DNA and RNA. Distinct optima at physiological pH and high salt concentrations suggest specific RNA-binding. In addition, preferential binding to as yet undefined structures in 28 S rRNA and mRNA is indicated by the finding that the latter RNAs are the relatively most effective competitors in a binding inhibition analysis. These data support the idea that 28 S rRNA-and/or mRNA binding is required for the biological function of L7. 28 S rRNA-binding is expected of a protein believed to be an integral structural component of the large ribosomal subunit, mRNA-binding rather not.
We cannot decide from the binding analyses presented in this study whether protein L7 interacts with nucleic acids as a monomer or as a dimer. A definitive decision requires binding studies involving mutant L7 molecules with impaired capability of dimerization. Nevertheless, L7 molecules mainly seem to exist in solution as dimers (see Fig. 4b ). This at least suggests that it is the dimer rather than the monomer which interacts with DNA and RNA in gel-retardation and filter-binding analyses.
The known fungal and mammalian L7 proteins share the potential a-helical conformation in the N-terminal region and a similar pattern of basic repeats and hydrophobic residues but only mammalian L7 shows a pronounced similarity to BZ1P. L7 proteins from vertebrates may have acquired this motif during evolution, or fungal L7-like proteins may have lost it. This idea is compatible with the finding that there is much more divergence in the N-terminal region of L7-proteins than in the C-terminal region.
The RNP-consensus motif (comprising sub-motifes RNP1 and RNP2) mediates RNA-binding of various nuclear proteins. L7 genes encode RNP2 and carry the remnants of RNP1 which is, however, out of frame. L7 thus should not and, as shown in this report, does not bind RNA by means of the RNP-structure. It is astonishing that RNP-encoding sequences are still highly conserved in L7-genes. They may have a function unrelated to RNA-binding.
The C-terminal region of L7-proteins (pos. 107 -end) is highly conserved in evolution (Fig. 3) . It seems to provide an invariant framework of the L7-molecule. As hydrophobic residues are abundant, most of this framework should not be exposed to the solvent.
